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Abstract

Since energy crisis and environmental pollution have restricted the sustainable
development of economy, there is an urgent need to develop the efficient and
environmentally friendly electrochemical technologies for energy storage and
conversion. With the rapid progress of graphene, two dimensional (2D) nanomaterials
have become a hot research field due to their unique physical and chemical properties,
such as high specific surface area and the dimensionality effect and modulation.
However, the inevitable re-stacking or aggregation of 2D nanomaterials has greatly
impeded the full utilization of their high surface area, even hindered fast electron and
ion transport in the electrochemical process. How to improve the conduction and mass
transfer is still a big challenge for the electrochemical applications of 2D
nanomaterials. To solve this issue, this work is focus on the controllable synthesis of
2D nanomaterials and the construction of hierarchical structures based on vertical
oriented 2D nanomaterials. The major results were summarized as follow:

In chapter 1, we briefly introduced the structural advantages and research
progress of 2D nanomaterials in e¢lectrochemical energy storage, catalysis, and
adsorption. We summarized the current technology for the synthesis of ultrathin 2D
nanomaterials vertically oriented 2D nanomaterials. Based on the related research
background, the significance and content of this work were clarified.

In chapter 2, vertically oriented Mg(OH): nanosheets were successfully
fabricated by controlling the hydrolysis process of MgO. This result opened new
opportunities for the design of vertically structured 2D carbon nanomaterials.

In chapter 3, to solve the re-stack problem of 2D ultrathin carbon nanomaterial,
vertically oriented ultrathin carbon nanosheets were successfully constructed by using
the Mg(OH), microrods composed of vertically oriented Mg(OH), nanosheets as the
templates and dopamine as the carbon precursor. The influence of the organic
precursor and calcined temperature on the pore structures of vertically oriented
ultrathin carbon nanosheets was studied. When used as anode material for lithium ion
batteries, the vertically oriented ultrathin carbon nanosheets showed great advantages
in the specific capacity and rate performance. A high reversible specific capacity of

1150 mAh g'! was obtained, which was 3.1 times than that of graphite. Even at a

11l



Abstract

current density of 10 g*!, a large reversible capacity of 246 mA h g! was obtained for
the as-prepared vertically oriented ultrathin carbon nanosheets.

In chapter 4, to improve the stability and rate performance of lithium sulfur
batteries with high sulfur loading, we successfully obtained vertically oriented porous
graphene-like nanosheets. With high specific surface area and pore volume of
vertically oriented porous graphene-like nanosheets, the corresponding carbon/sulfur
composites with high sulfur loading (e.g., 78.9 wt % and 88.8 wt %) exhibited high
specific capacities, cyclic properties, and volumetric energy densities. Compared to
the 2D and 1D porous carbon structures, vertical oriented graphene porous nanosheets
can effectively elevate the rate properties of lithium sulfur batteries as a result of their
opened conductive frameworks.

In chapter 5, we developed a MgO strategy for the green and scale-up
preparation of ultrathin a-Ni(OH); nanosheets at room temperature. Based on the
understanding of the formation mechanism, this method can be extended as a general
strategy for the synthesis of layered transition metal hydroxides and layered double
hydroxides, and their derivatives. Thanks to the high specific surface area, the
as-prepared ultrathin o-Ni(OH), nanosheets showed excellent performance in the
fields of heavy metal adsorption and supercapacitors.

In chapter 6, to solve the re-stacking problem and poor conductivity of 2D
transition metal hydroxides, we used the MgO strategy to grow vertically oriented
transition metal hydroxide on the targeted substrates at room temperature. Compared
with the traditional hydrothermal and electrodeposition methods, the MgO strategy
was not subject to the size, shape, and components of substrates. Vertically oriented
NiS: nanosheets on Ni foam and vertically oriented layered double hydroxide
nanosheets (NiFe LDH) with optimized molar ratio of Ni/Fe was synthesized as the
catalysts for hydrogen evolution reaction and oxygen evolution reaction, respectively.
Based on their enhanced catalytic properties, the vertically oriented NiS; and NiFe
LDH nanosheets were further used as the cathode and anode for the overall water
splitting, respectively. The as-obtained hybrid electrolyzer exhibited a low
decomposition voltage of 1.55 V at a current density of 10 mA ¢m™? in 1 M KOH
electrolyte.

Keywords: two-dimensional nanomaterials; vertically oriented structures; energy

storage; electrolysis of water; magnesium oxide
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